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(54) ntle: STIMULATION FOR TREATING EYE PATHOLOGIES 
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(57) Abstract: Apparatus is provided for treating a condition of an eye of a subject, comprising a stimulator (4) adapted to stimulate 
at least one site of the subject, so as to treat the eye condition, the site selected ftom the list consisting of: a sphenopalatine ganglion 
(SPG) (6) of the subject, an anterior etfimoidal nerve (404) of the subject, a posterior ethmoidal nerve (406) of the subject, a commu- 
nicating branch between an anterior ethmoidal nerve (404) and a retro-orbital branch of an SPG (6) of the subject, a communicating 
branch between a posterior ethmoidal nerve (406) anda retro-orbital branch of an SPG (6) of the subject, a greater palatine nerve of 
the subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a communicating branch between a maxillary 
nerve and an SPG (6) of the subject, a nasopalatine nerve of the subject, a posterior nasal nerve of the subject, an infraorbital nerve 
of the subject, an otic ganglion of the subject, an afferent fiber going into the otic ganglion of the subject, an efferent fiber going out 
of the otic ganglion of the subject, a vidian nerve of the subject, a greater superficial petrosal nerve of the subject, and a lesser deep 
petrosal nerve of the subject. 
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For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 
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STIMULATION FOR TREATING EYE PATHOLOGIES 

CROSS-REFERENC£ TO RELATED APPLICATIONS 

This application claims priority jfrom US Patent Application 30/294,310, filed 
November 14, 2002, entitled, "Stimulation for treating eye pathologies," which: 

5 (a) is a continuation-in-part of a US patent application to Shalev and Gross, filed 

November 8, 2002, entitled, "Method and apparatus for stimulating the sphenopalatine 
ganglion to modify properties of the BBB and cerebral blood flow," which is a US 
regular patent application corresponding to PCT Patent Application PCT / ILOl / 00402, 
filed May 7, 2001, entitled, "Method and apparatus for stimulating the sphenopalatine 
10 ganglion to modify properties of the BBB and cerebral blood flow," which clauns 
priority fi-om US Provisional Patent Application 60/203,172, filed May 8, 2000, 
entitled, "Method and apparatus for stimulating the sphenopalatine ganglion to modify 
properties of the BBB and cerebral blood flow"; 

(b) claims priority firom: (i) US Provisional Patent Application 60/400,167, filed 
15 July 31, 2002, entitled, "Delivering compounds to the brain by modifying properties of 

the BBB and cerebral circulation," and (ii) US Provisional Patent Application 
60/364,451, filed March 15, 2002, entitied, "Applications of stimulating the 
sphenopalatine ganglion (SPG)"; and 

(c) is related to: (i) US Provisional Patent Application 60/426,180, filed 
20 November 14, 2002, entitied, "Surgical tools and techniques for stimulation," (ii) US 

Provisional Patent ^phcation 60/426,182, filed November 14, 2002, entitied, 
"Stimulation circuitry and control of electronic medical device," and (iii) US 
Provisional Patent AppUcation 60/426,181, filed November 14, 2002, entitied, 
"Stimulation for treating ear pathologies." 

25 Each of the above-cited patent applications is assigned to the assignee of the 

present patent application and is incorporated herein by reference. 
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BIELD OF THE B>fVENT10N 

The present invention relates generally to medical procedures and electrical 
devices. More specifically, the invention relates to the use of electrical, chemical, 
mechanical and/or odorant stimulation for tceating eye pathologies. 

5 BACKGROUND OF THE INVENTION 

The blood-brain barrier (BBB) is a unique feature of the central nervous system 
(CNS) which isolates the brain from the systemic blood circulation. To mumt am the 
homeostasis of the CNS, the BBB prevaits access to the brain of many substances 
circulating in the blood 

10 The BBB is formed by a con5)lex cellular system of raidothelial cells, astroglia, 

pericytes, p^ivascular macrophages, and a basal lamina. Compared to other tissues, 
brain endothelia have the most intimate cell-to-cell connections: endothelial cells adhere 
strongly to each other, forming structures specific to the CNS called "tight junctions" or 
zonula occludens. They involve two q)posing plasma membranes which form a 

15 membrane fusion with cytoplasmic densities on either side. These tight jimctions 
prevent cell migration or cell movement between endotheUal cells. A continuous 
uniform basement membrane surrounds the brain capillaries. This basal lamina encloses 
contractile cells called pericytes, which form an intermittent layer and probably play 
some role in phagocytosis activity and defense if the BBB is breached Astrocytic end 

20 feet, which cover the brain capillaries, build a continuous sleeve and maintflin the 
integrity of the BBB by the synthesis and secretion of soluble growth factors (e.g., 
gamma-glutamyl transpeptidase) essential for the endothelial cells to develop their BBB 
characteristics. 

PCT Patent Publication WO 01/85094 to Shalev and Gross, which is assigned to 
25 the assignee of the present patent qiplication and is incorporated herein by reference, 
describes ^paratus for modifying a property of a brain of a patient, including electrodes 
gqyphed to a sphenopalatine ganglion (SPG) or a neural tract originating in or leading to 
the SPG. A control unit drives the electrodes to apply a current capable of inducing (a) 
an increase in permeability of a blood-brain barrier (BBB) of the patient, (b) a change in 
30 cerebral blood flow of the patient, and/or (c) an inhibition of parasynpathetic activity of 
the SPG. 



2 



wo 20D4/043217 



PCT/IL2003/000965 



US Patent 5,756,071 to Mattem et aL, which is incoiporated herein by reference, 
describes a method for nasally administering aerosols of therapeutic agents to enhance 
penetration of the blood bram barrier. The patent describes a metering spray designed 
for per nasal application, the spray containing at least one sex hormone or at least one 
5 metabolic precursor of a sex hormone or at least one derivative of a sex hormone or 
combinations of these, excepting the precursors of testosterone, or at least one biogenic 
amine, with the excqrtion of catecholamines. 

US Patent 5,752,515 to Jolesz et aL, \^ch is incorporated herein by refKroce, 
describes apparatus for image-guided ultrasound delivery of conqjounds through the 

10 blood-brain barrier. Ultrasound is applied to a site in the brain to effect in the tissues 
and/or fhiids at that location a change detectable by imaging. At least a portion of the 
brain in the vicinity of the selected location is imaged, e.g., via magnetic resonance 
in[iaging, to confirm the location of that change. A compound, e.g., a 
neuropharmaceutical, in the patient's bloodstream is delivered to the confirmed location 

15 by applying ultrasound to eflFect opening of the blood-brain barrier at that location and, 
thereby, to induce uptake of tiie confound there. 

PCX Publication WO 01/97905 to Ansarinia, which is incorporated herein by 
reference, describes a method for the suppression or prevention of various medical 
conditions, including pain, movement disorders, autonomic disorders, and 

20 neuropsychiatric disorders. The method includes positioning m electrode on or 
proximate to at least one of the patient's SPG, sphenopalatine nerves, or vidian nerves, 
and activating the electrode to apply an electrical signal to such nerve. In a further 
embodiment for treating the same conditions, the electrode used is activated to dispense 
a medication solution or analgesic to such nerve. The 905 publication also describes 

25 surgical techniques for implanting the electrode. 

US Patent 6,405,079 to Ansarinia, which is incorporated herein by reference, 
describes a method for the suppression or prevention of various medical conditions, 
including pain, movement disorders, autonomic disorders, and neuropsychiatric 
disorders. The method includes positioning an electrode adjacent to or around a sinus, 
30 the dura adjacent a smus, or ftk cerebri, and activating the electrode to apply an 
electrical signal to the site. In a fimher embodunent for treating the same conditions, 
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the electrode dispenses a medicatioii soludon or analgesic to the site. The '079 patent 
also describes surgical techniques for iniplanting the electrode. 

US Patent 6^94,544 to Araie et aL, which is incorporated herem by reference, 
describes a peripheral ocular circulation amehorant vAAch contains dihydropyridines, 
5 fer treating visual field defects associated with normal intraocular pressure glanrama as 
well as for optic neuropathy, retinopathy, and retinal-degeneration diseases. 

US Patent 5,431,907 to Abelson et aL, which is incorporated herein by 
reference, desoibes the administration of caldum channel blocking agents to the eye to 
treat ischemic disorders of the retina and associated tissues of the posterior segment of 
10 the eye, by increasmg blood flow to these tissues. 

US Patent 6,451,799 to Ogawa et al., which is incorporated herein by reference, 
describes an ocular circulation ameliorant which contains a 1,4-dihydropyridine 
derivative, for treating glaucoma, particularly normal tension glaucoma caused by 
ocular circulation disorder and retinitis pigmentosa, macular degeneration, ischemic 
15 optic neuropathy, iridocyclitis, retinal art^ occbision, retinal vein occlusion, diabetic 
retmopafhy, ischemic optic neuropathy, retinochoroidal disease following choroidal 
lesion, and retinochoroidal disease associated with systemic disease. 

The following references, which are incorporated herein by reference, may be 

usefiib 

20 Delepine L, Aubmeau P, ''Plasma protein extravasation induced in the rat dura mater by 
stimulation of the parasynqpathetic sphenopalatine ganglion," Experimental Neurology, 
147,389-400(1997) 

Hara H, Zhang QJ, Kuroyanagi T, Kobayashi S, "Parasympathetic cerebrovascular 
innervation: An anterograde tracing from the sphenopalatine ganglion in the rat," 
25 Neurosurgery, 32, 822-827 (1993) 

JoUiet-Riant P, Tillement JP, "Drug transfer across the blood-brain barrier and 
inqjrovement of brain delivery," Fundam. CliiL Pharmacol., 13, 16-25 (1999) 

Kroll RA, Neuwelt EA, "Outwitting the blood brain barrier for therapeutic purposes: 
Osmotic opening and other means," Neurosurgery, 42, 1083-1100 (1998) 
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Sanders M, Zuurmond WW, ^'Efficacy of spheaopalatine ganglion blockade in 66 
patients suffering from cluster headache: A 12-70 montii follow-up evaluation," Journal 
of Neurosurgery, 87, 876-880 (1997) 

Syelaz J, Hara H, Pinard E, Mraovitch S, MacKenzie ET, Edvinsson L, "EiBEects of 
5 stimulation of the sphenopalatine ganglion on cortical blood flow in the rat," Journal of 
Cerebral Blood Flow and Metabolism," 8, 875-878 (1988) 

Van de Waterbeemd H, Camenisch G, Folkers G, Chretien JR, Raevsky OA, 
"Estimation of blood brain barrier crossing of drugs usmg molecular size and shape and 
h bondmg descriptors," Journal of Drug Targeting" 6, 151-165, (1998) 

10 Suzuki N, Hardebo JE, Kahrstrom J, Owman C, "Selective electrical stimulation of 
postganghonic cerebrovascular parasyn?)athetic n^ve fibers originating from the 
sphenopalatine ganglion enhances cortical blood flow m the rat;" Journal of Cerebral 
Blood How and Metabolism, 10, 383-391 (1990) 

Suzuki N, Hardebo JE, Kahrstrom J, Owman CH, "Effect on cortical blood flow of 
15 electrical stimulation of trigeminal cerebrovascular nerve fibres in the rat," Acta 
Physiol. Scand., 138, 307-315 (1990) 

Major A, Silver W, "Odorants presented to the rat nasal cavity increase cortical blood 
flow," Chem. Senses, 24, 665-669 (1999) 

Fusco BM, Fiore G, Gallo F, Martelletti P, Giacovazzo M, *"Cq)saicni-sensitive' 
20 sensory neurons in cluster headache: pathophysiological aspects and therapeutic 
indications,'' Headache, 34, 132-137 (1994) 

Lambert GA, Bogduk N, Goadsby PJ, Duclcwortii JW, Lance JW, "Decreased carotid 
arterial resistance in cats in response to trigeminal stimulation," Journal of 
Neurosurgery, 61, 307-315 (1984) 

25 Silver WL, "Neural and pharmacological basis for nasal irritation," in Tucker WG, 
Leaderer BP, Melhave L, Cain WS (eds). Sources of Indoor Air Contamiuants, Ann. 
NY Acad ScL, 641, 152-163 (1992) 

Silver W, "Ghemesthesis: tiie burning questions," ChemoSense, Vol. 2, 1-2 (1999) 

Devoghel JC, "Cluster headache and sphenopalatine block," Acta Anaesthesiol Belg., 
30 32(1):101-7(1981) 
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SUMMARY OF THE INVENTION 

It is an object of some aspects of the present invention to provide improved 
methods and apparatas for treating conditions of the ,eye. Unless usage indicates 
otherwise, in the context of the present patent application and in the claims, the word 
5 "eye" is meant to include 'the eyeball, vitreous body, choroid, optic nerve, pupil, lens, 
dliaiy body, macula, retina, sclera, iris, cornea, conjunctiva, and llie vasculature 
caning blood to/from the eye. 

It is an additional object of some aspects of the present invention to provide 
inq)roved methods and ^paratus for delivery of compounds to the eye. 

10 It is yet an additional object of some aspects of the present invention to provide 

inqiroved methods and apparatus for delivery of compounds to the eye Ibiough the 
blood brani barrier (BBB). 

It is still an additional object of some aspects of the present invention to provide 
improved methods and apparatus for treating eye conditions by increasmg blood flow to 
15 the eye. 

It is also an additional object of some aspects of the present invention to provide 
improved methods and apparatus for treating eye conditions by increasmg the clearance 
of fluid and/or molecules (e.g., metabolites) from the eye. 

It is also an object of some aspects of the present invention to provide such 
20 methods and apparatus as can be employed to deliver such compounds through the BBB 
to the eye using a minimally invasive approach. 

It is a further object of some aspects of the present invention to provide such 
methods and apparatus as can facilitate delivery of large molecular weight compounds 
through the BBB to the eye, such as, for example, (a) pharmaceutical products having 
25 high intrinsic molecular weight, or (b) phannaceutical products (e.g., NSAlDs) having 
low molecular weight, but are extensively bound to high molecular weight compounds 
(e.g., albumin). In &e context of the present patent application, descriptions of 
facilitating the movement of "large" or "high molecular weight" molecules mcludes 
compounds drawn from both (a) and (b). 
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It is yet a further object of some aspects of the present invention to provide cost- 
effective methods and ^paratus for delivery of conQ)Oimds through the BBB to the eye. 

It is still a further object of some aspects of the presexxt inventiaii to provide 
ixcproved methods and apparatus for treating tumors of the optic nerve and other 
5 structures of the eye via delivery of compounds through the BBB. 

It is also an object of some aspects of the present invention to provide 
ini^lantable sppaiatus which affects a property of the eye, without actoally being 
iaq>Ianted in the eye. 

tt is a further object of some aspects of the present invention to provide methods 
10 which affect a property of tibe eye without the use of implantable ^paratus. 

it is yet a further object of some aspects of the present invention to affect a 
pit)perty of the eye by using the neuroexdtatory and/or neurohihibitory effects of 
odorants on nerves in the head. 

These and other objects of the invention will become more apparent from the 
1 5 description of preferred embodiments thereof provided hereinbelow. 

In some preferred embodiments of the present invetrtioxL, conditions of the eye 
are treated by stimulating at least one "modulation target site" (MTS), as defined 
hereinbelow, by applying electrical, chemical, mechanical and/or odorant stimulation to 
the site. For some conditions, such as some ocular vascular disorders, such stimulation 

20 is configured so as to increase cerebral blood flow (CBF), thereby increasing blood flow 
to various tissues of the eye and treating the condition. Alternatively or additionally, 
such stimulation is configured to increase permeability of the BBB, in order to enhance 
delivery of therapeutic molecules from the systemic blood circulation across the BBB 
and into the eye, so as to treat tumors and other conditions of the eye. The electrical, 

25 chemicai, mechanical and odorant stimulation tedbmiques described herein may treat a 
nuniber of eye conditions, including, but not limited to, diabetic retmopathies, retinal 
vein occlusion, retinal artery occhision, retinal detachment, tumors of the eye (including 
tumors of the optic nerve), macular degeneration, glaucoma, and cystoid macular edema 
(CME). 

30 In the present patent application, including the claims, a "modulation target site" 

(MTS) consists of: 
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• a sphenopalatine gangiicm (SPG) (also called a pterygopalatiQe 
ganglion); 

• an antetior etfamoidal nerve; 

• a posterior ethmoidal nerve; 

5 •a coiDmunicating branch between the anterior ethmoidal nerve and 
the SPG (letro-oibital branch); 

• a connmmicatmg branch between the posterior eflnnoidal nerve and 
the SPG (retro-orbital branch) 

• a nerve of the pterygoid caxml (also called a vidian nerve), such as a 
10 greater sup^cial petrosal nerve (a preganglionic parasynqiathetic 

nerve) or a lesser deep petrosal nerve (a postganglionic sympathetic 
nerve); 

• a greater palatine nerve; 

• a lesser palatine nerve; 
IS • a^henopalatinenerve; 

• a communicating branch between the maxillaiy nerve and the 
sphenopalatine ganglion; 

• a nasopalatine nerve; 

• aposteriornasalnerve; 
20 • an infraorbital nerve; 

• an otic ganglion; 

• an afferent fiber going into the otic ganglion; and/or 

• an efferent fiber going out of the otic ganghon. 

In some preferred embodiments of the present invention, the electrical, 
25 chemical, mechanical and/or odorant stimulation techniques described herein enhance 
delivery of therapeutic molecules across the BBB by modulation of at least one MTS 
and/or another parasympathetic center. These techniques typically stimulate the nerve 
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fibers of the MTS, thereby inducing the middle and anterior cerebral arteries to dilate, 
and also causing the walls of these cerebral arteries to become more permeable to large 
molecules, hi this manner, the uMvement of large pharmaceutical molecules firan 
within blood vessels to the cerebral tissue, and from the cerebral tissue to tissue of the 
5 eye, is substantially increased In particular, these embodiments may be adapted for 
delivering chanotherapy agents, which typically comprise large molecules to structures 
of the eye. Without the use of the techniques described herein, the intact BBB generally 
blocks the passage of these corripounds to the eye. 

It is to be appreciated that references h^ein to specific modulation target sites 
10 are to be understood as including other modulation target sites, as ^propriate. 

It is further to be appreciated that implantation and modulatira 
in5)lantation, and parameters of modulation are described herein by way of illustration 
and not limitation, and lhat 4e scope of the present invention inchides other 
possibilities which would be obvious to someone of orduiaiy skill in the art who has 
1 5 read the present patent applicatiotL 

It is yet further to be appreciated that while some preferred embodiments of the 
mvention are generally described herein witii respect to electrical transmission of power 
and electrical modulation of tissue, other modes of energy transport may be used as 
well Such energy mcludes, but is not limited to, direct or induced electromagnetic 
20 energy, ladiofrequency (RF) transmission, mechanical vibration, iiltrasonic 
transmission, optical power, and low power laser energy (via, for oxmsple, a fiber optic 
cable). 

It is additionally to be appreciated that whereas some preferred embodiments of 
the present invention are described with respect to ^plication of electrical currents to 
25 tissue, this is to be understood in the context of the present patent application and in the 
claims as being substantially equivalent to applying an electrical field, e.g., by creating 
a voltage drop between two electrodes. 

In some preferred embodiments of the present mvention, stimulation of at least 
one MTS is achieved by presenting odorants to an air passage of a patient, such as a 
30 nasal cavity or the throat, so as to treat an eye condition. The ten^oral profile and other 
quantitative charactaistics of such odorant modulation are believed by the present 
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inventors to have a mechanism of action that has a neuroanatomical basis overlapping 
with that of the electrical modulation of the SPG or another MTS. Furfliennore, 
experimental animal evidence collected by the inventors and described in US 
Provisional Patent Application 60/368,657 to Shalev and Gross entitled, "SPG 
5 stimulation," filed March 28, 2002, which is assigned to the assignee of the present 
invention and is incorporated herein by reference, suggest a correlation between tiie 
mechanisms of increasing cerebral blood flow and increased cerebrovascular 
permeability. For some applications, odorant-presentation techniques for treating an 
eye condition described herein are practiced in combination with techniques described 
10 in US Provisional Patent Application 60/376,048, filed April 25, 2002, entitled, 
"Methods and apparatus for modifying properties of the BBB and cerebral circulation 
by using the neuroexcitatory and/or neuroinhibitory effects of odorants on nerves in the 
head," which is assigaed to the assignee of the present patent apphcation and is 
incorporated herein by reference. 

15 Odorants that may increase or decrease cerebral blood flow and/or the 

permeability of the BBB, and which are suitable for treating an eye condition, include, 
but are not limited to, propionic acid, cyclohexanone, amyl acetate, acetic acid, citric 
acid, carbon dioxide, sodium chloride, ammonia, menthol, alcohol, nicotine, piperine, 
gingerol, zingerone, allyl isothiocyanate, cinnamaldehyde, cuminaldehyde, 2- 

20 propenyl/2-phenylethyl isothiocyanate, thymol, and eucalyptoL 

The odorants reach the appropriate neural structures and induce vasodilatation, 
vasoconstriction and/or cerebrovascular permeability changes. Delivery of a drug to the 
eye via the brain can be achieved by mixing the drag with the odorant; by 
intravenously, intraperitoneally, or intramuscularly administering the drag while the 
25 odorant is having an effect, or therebefore; or by other delivery methods known in the 
art. 

In some preferred embodiments of the present invention, stimulation of at least 
one MTS is achieved by applying a neuroexcitatory agent to the MTS, Suitable 
neuroexcitatory agents include, but are not limited to acetylcholine and urecholine. For 
30 some applications, the MTS is stimulated by applying a neuroinhibitory agent, such as 
atropine, hexamethonium, or a local anesthetic (e.g., lidocaine). 
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In some preferred embodiments of the present invention, stimulation of the MTS 
is achieved by applying mechanical stimnlation to flie MTS, e.g., vibration. 

As described above, it is believed that substantially all pharmacological 
treatments aimed at structures of the eye are amenable for use in conibination with 
5 techniques described herem, inchiding electrical, odoran^ chemical and mechanical 
techniques for stimulating at least one MTS. In particular, these embodiments of the 
present invention may be adapted for use in facilitating the administration of 
chemoiherapeutic drugs. 

There is therefore provided, in accordance with an embodiment of the present 
10 invention, ^aiatus for treating a condition of an eye of a subject, including a 
stimulator ad^ted to stimulate at least one site of the subject, so as to treat the eye 
condition, the site selected fixwn the list consisting of: a sphenopalatine ganglion (SPG) 
of the subject, an anterior ethmoidal nerve of the subject, a posterior ethmoidal nerve of 
the subject, a communicating branch between an anterior ethmoidal nerve and a retro- 
15 orbital branch of an SPG of the subject, a communicating branch between a posterior 
ethmoidal nerve and a retro-oibital branch of an SPG of the subject, a greater palatine 
nerve of the subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the 
subject, a communicating branch between a maxillary nerve and an SPG of the subject, 
a nasopalatine nerve of the subject, a posterior nasal nerve of the subject, an infraorbital 
20 nerve of the subject, an otic ganglion of tiie subject, an afferent fiber going into tiie otic 
ganglion of the subject, an efferent fiber going out of the otic ganglion of tiie subject, a 
vidian nerve of the subject, a greater superficial petrosal nerve of the subject, and a 
lesser deep petrosal nerve of the subject 

In an embodiment, the apparatus is adapted to treat one or more of the following 
25 eye conditions: 

• diabetic retinopathy^ 

• retinal vein occlusion; 

• retinal artery occlusion; 

• retinal detachment; 
30 • macular degeneration; 
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• glaucoma; 

• an optic neuropathy; 

• retinal degeneration; 

• cystoid macular edema (CME); 
5 • a tumor of the eye; 

• a tumor of an optic nerve of the subject; and/or 

• retinal carcinoma. 

in an embodiment, the stimulator is adapted to configure the stimulation of the 
site to cause an increase in cerebral blood flow (CBF) of the subject, so as to treat the 
10 eye condition. 

In an embodiment, the stimulator is adapted to configure the stimulation of the 
site to cause an mcrease in molecular passage across a blood brain barrier (BBB) of the 
subject 

In an embodunent, the stimulator is ad^ted to configure the stimulation of tiie 
15 site to increase molecular passage across the BBB to a magnitude that mcreases passage 
of a therapeutic agent from a systemic blood circulation of tiie patient timmgh tiae BBB 
into a vicinity of tiie eye of tiie subject, so as to treat the eye conditioa 

In an embodiment the stimulator includes an electrical stimulator, adapted to 
drive a current into the site, so as to stimulate the site. In an embodiment, tiie electrical 
20 stimulator is adapted to be in5)lanted in a body of ttie subject In an embodfanent, the 
electrical stimulator is adapted to be inq)lanted at an in^lautation site in or adjacent to 
an oibital cavity of the subject 

In an embodiment, tiie electrical stimulator includes at least one electrode, 
adapted to be placed in a vicinity of an etimioidal nerve of tiie subject In an 
25 embodiment, tiie electrode is adapted to be implanted in the vicinity of tiie etinnoidal 
nerve. In an embodunent, tiie electrode is adapted to be placed in a vicinity of an 
anterior etimoidal nerve of tiie subject Alternatively, tiie electrode is adapted to be 
placed in a vicinity of a posterior etinnoidal nerve of tiie subject 

In an embodiment, flie electrical stumilator includes: 

12 
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at least one electrode, adapted to be placed in a vicinity of the site; and 
a control unit, adapted to drive the electrode to apply the current to the site. 
The electrode may be adqrted to be implanted in the vicinity of tiie site. 

In an embodiment, the site inchides a first site and a second site, different from 
5 thefirst site, andtheat least one electrode inchides a first electrode and a second 
electrode, the first electrode adapted to be placed in a vicinity of the first site, and the 
second electrode adapted to be placed in a vicinity of the second site. 

to an embodiment, the first site includes the vidian nerve of the snbjecl, and the 
second site includes an SPG of the subject, and the first electrode is adapted to be 
10 placed in a vicfauty of the vidian nerve, and the second electrode is adapted to be placed 
in a vicinity of the SPG. 

fa an embodiment the stimulator includes a chemical stimulator device, adapted 
to ^ly a neuroexcitalory agent to the site, so as to stimulate the site, fa an 
embodunent, the neuroexcttatory agent mcludes acetylcholfae, and the chemical 
15 stnmilator device is adapted to appty the acetylcholine. Alternatively or additionaUy, 
the neuroexcitatory agent includes urecholine, and the chemical stimulator device is 
adapted to apply the urecholme. 

fa, an embodiment, the stimulator mcludes a mechanical stimulator device, 
adapted to apply mechanical stimulation to the site, fa an embodiment, the mechanical 

20 stimulator device is adapted to apply vibration to the site, fa an embodiment, the 
stimulator is adapted to configure the stmralalion of the site to cause an increase in a 
blood flow of the eye, so as to treat the eye condition, fa an embodunent, the stimulator 
is adapted to configure the stimulation of the site to cause the increased blood flow of 
the eye to be of a magnitude that mcrrases clearance of a substance fiom at least a 

25 portion of the eye, so as to treat the eye condition, to an embodiment, the substance 
inctades a fluid contained in an anterior chamber of the eye, and the stimulator is 

adapted to configure the stimulation to cause mcreased clearance of the fluid fhm t^^ 
anterior chambra: so as to lower an intraocular pressure of the eye, so as to treat the eye 
condition. 

30 There is also provided, in accordance with an embodiment of the present 

invention, apparatus for diagnosmg a condition of an eye of a subject, mcfadmg a 

13 
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Stimulator for stimulating at least one site of the subject, configured so that molecular 
passage increases between the eye of die subject and a tissue of the subject lesponsive 
to the stimulation, so as to enable diagnosis of the eye condition, the site selected from 
the list consisting of: a sphenopalatine ganglion (SPG) of the subject, an anterior 
5 ethmoidal nerve of the subject, a posterior ethmoidal nerve of the subject, a 
communicating branch between an anterior etinnoidal nerve and a retro-orbital branch 
of an SPG of the subject, a communicating branch between a posterior etimioidal nerve 
and a retro-orbital branch of an SPG of tiie subject, a greater palatine nerve of the 
subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a 

10 communicating branch between a maxillary nerve and an SPG of the subject, a 
nasopalatine nerve of the subject, a posterior nasal nerve of the subject, an infraorbital 
nerve of the subject, an otic ganglion of tiie subject, an afferent fiber going into the otic 
ganglion of tiie subject, an efferent fiber going out of the otic ganglion of the subject, a 
vidian nerve of the subject, a greater siqperficial petrosal nerve of the subject, and a 

15 lesser deep petrosal nerve of the subject 

In an embodiment, the tissue includes a systemic blood circulation of the 
subject, and the stimulator is adapted to configure the stimulation of the site to cause an 
mcrease in molecular passage between the eye and the systemic blood circulation. 

In an embodiment, the stimulator is adapted to configure the stimulation of the 
20 site to cause an increase in molecular passage of a constituent of the eye, fix)m the eye to 
the tissue. 

In an embodhnent, the stimulator is adapted to configure the stimulation of the 
site to cause the increase in molecular passage of the constituent, the constituent 
selected &om the group consisting of: a protem, a hormone, an antibody, an electrolyte, 
25 a neuropeptide, and an enzyme. 

In an embodiment, the stimulator is adapted to configure the stimulation of the 
site to cause an increase in molecular passage, from tiie tissue to at least a portion of the 
eye, of an agent for facilitating a diagnostic procedure. 

In an embodiment the q)paratus nicludes a sensor, adapted to measure an intraocuhir 
30 pressure of the eye. 
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There is further provided, in accordance with an embodinient of the present 
invention, apparatus for treating a condition of a subject, includmg an electrical 
stimulator for stimulating at least one stimulation site of the subject, so as to treat the 
condition, the stimulator adapted to be implanted at an implantation site in or adjacent 

to an oibitd cavity of the subject, the stimuMon site selected to the list consisting 
of: a sphenopalatine ganglion (SPG) of the subject, an anterior ethmoidal nerve of the 
subject, a posterior ethmoidal nerve of the subject, a communicating branch between an 
anterior ethmoidal nerve and a retro-orbital branch of an SPG of the subject, a 
communicating branch between a posterior ethmoidal nerve and a retro-orbital branch 
of an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve 
of the subject, a sphenopalatine nerve of the subject, a communicating branch between a 
niaxillaiy nerve and an SPG of the subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of the subject, an mfiaoibital nerve of the subject, an otic ganglion 
of the subject, an afferent fiber going into the otic gangUon of the subject, an efferent 
fiber going out of the otic ganglion of the subject, a vidian nerve of the subject, a greater 
superficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject 

In an embodiment, the apparatus includes at least one electrode, adapted to be 
implanted in a vidnily of an ethmoidal nerve of the subject 

There is still further provided, in accordance with an embodiment of the present 
invention, a method for treating a condition of an eye of a subject, inchiding stimulating ' 
at least one site of the subject, so as to treat the eye condition, the site selected fiom the 
list consisting of: a sphenopalatine ganglion (SPG) of the subject, an anterior ethmoidal 
nerve of the subject, a posterior ethmoidal nerve of the subject, a comnmnicating branch 
between an anterior ethmoidal nerve and a retro-orbital branch of an SPG of the subject, 
a communicating branch between a posterior ethmoidal nerve and a i^oibital branch 
of an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve 
of the subject, a sphenopalatine nerve of the subject, a communicating branch between a 
mariUary nerve and an SPG of the subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of the subject, an infraorbital nerve of the subject, an otic ganglion 
of tiie subject, an afferent fiber going into the otic ganglion of the subject, an efferent 
fiber going out of the otic ganglion of the subject, a vidian nerve of the subject, a greater 
superficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject 

15 
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There is additionally provided, in accordance with an embodiment of ihe present 
invention, a method for diagnosing a condition of an «sye of a subject inchiding: 

stimulating at least one site of the subject, the she selected fiom the list 
consisting of: a sphenopalatine ganghon (SPG) of the subject, an anterior ethmoidal 
nerve of the subject, a posterior ethmoidal nerve of the subject, a communicating branch 
between an anterior ethmoidal nerve and a retro-orbital branch of an SPG of the subject, 
a communicating branch between a posterior ethmoidal nerve and a retro-oibital branch 
of an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve 
of the subject, a sphenopalatine nerve of the subject, a communicating branch between a 
maxillaiy nerve and an SPG of tiie subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of the subject, an infraorbital nerve of the subject, an otic gangHon 
of the subject, an afferent fiber gomg into the otic ganglion of the subject, an efferent 
fiber going out of the otic gangUon of the subject, a vidian nerve of the subject, a greater 
superficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject; 
15 and 

configuring the stimulation so that molecular passage mcreases between the eye 
and a tissue of the subject responsive to the stimulation, so as to enable diagnosis of the 
eye condition. 

There is yet additionally provided, in accordance with an embodiment of tiie 
20 present invention, a method for treating a condition of a subject, including: 

hi?»lanting an electrical stimuUtor at an implantation site in or adjacent to an 
oibital cavity of the subject; and 

driving the electrical stimulator to stimulate at least one stimulation site of the 
subject, so as to treat the condition, the stimulation site selected from Ihe list consisting 

25 of: a sphenopalatine gangHon (SPG) of the subject, an anterior ethmoidal nerve of tiie 
subject, a posterior ethmoidal nerve of the subject, a communicating branch between an 
anterior ethmoidal nerve and a retro-orbital branch of an SPG of tiie subject, a 
communicating branch between a posterior ethmoidal nerve and a retro-orbital branch 
of an SPG of the subject, a greata palatine nerve of the subject, a lesser palatine nerve 

30 of the subject, a sphenopalatine nerve of the subject, a communicating branch between a 
maxillary nerve and an SPG of the subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of the subject, an infraorijital nerve of the subject, an otic gangUon 

16 
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Of the subject, an afferent fiber going into the otic gangUon of the subject, an efiferent 
fiber going out of the otic gangUon of the subject, a vidian nerve of the subject, a greater 
superficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject 
The present invention will be more fiilly understood firom the Mowing detailed 

5 description ofthe preferred embodimenls thereof taken togBth(» with the d^^ 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic pictorial view of a fidly implantable stimulator for 
stimulation of an MTS, in accordance with a preferred embodiments of the present 
10 invention; 

Fig. 2 is a schematic pictorial view of another stimnlator for stimulation of an 
iVlTS, in accordance with aprefetred embodiment of the present invention; 

Fig. 3 is a schematic blodc diagram illustrating circuitiy for use with the 

stifflolatorshowninKg. 1, in accordance with a preferred embodiment of the present 
IS mvention; 

Fig. 4 is a schematic block diagram illustrating circuitry for use with the 
stimulator shown in Fig. 2. in accordance with a preferred embodiment of the present 
invention; 

Figs. 5A and 5B are schematic illustrations depicting different modes of 
operation of stimulators such as those shown in Figs. 1 and 2. in accordance with 
preferred embodiments of the present invention; 

Fig. 6 is a schematic iUustration of a mode of operation of the stimulators shown 
in Figs. 1 and 2, synchronized with a drug delivery system, in accordance with a 
preferred embodiment of the present invention; 

25 Fig. 7 is a schematic block diagram illustiating circuitry for use with the 

stimulator shown in Fig. 1, where the stimulator is driven by an external cantroller and 
energy source using a modulator and a demodulator, in accordance with a preferred 
embodiment of the present invention; 
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Fig. 8 dqpicts sample modulator and demodulator functions for use with the 
circuitry of Fig. 7. in accordance with a preferred embodiment of the present invention; 

Figs. 9, lOA, and lOB are schematic diagrams illustrating further circuitry for 
use with in5)lantable stimulators, m accordance witii respective preferred embodiments 
5 of the present invention; 

Figs. 11 and 12 are bar graphs showing experimental data collected in 
accordance with a preferred embodiment of tiie present invention; 

Fig. 13 is a schematic illustration of a sensor for application to a blood vessel, in 
accordance with a preferred embodunent of the present invention; 

10 Fig. 14 is a schematic illustration of an mqilantable stimulator for stimulation of 

an MTS, m accordance wrfli a preferred embodiments of the preseat invention; and 

Fig. 15 is a schematic sectional illustration of a nasal mhaler, for use in 
presenting an odotant to a subject, in accordance witii a preferred embodiment of the 
present inventioiL 

15 DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a schematic pictorial view of a fully-implantable stimulator 4, for 
stimulation of a "modulation target site" (MTS), as defined hereinbelow, such as a 
sphenopalatine gangUon (SPG) 6, in accordance witii a preferred embodiments of tiie 
present invention, hi Fig. 1, a human nasal cavity 2 is shown, and stimulator 4 is 
20 implanted between the hard palate and the mucoperiosteum (not shown) of tiie roof of 
tiie moutii. Branches of parasyn^athetic neurons coming from SPG 6 extend to the 
middle cerebral and anterior cerebral arteries (not shown). Preferably, one or more 
relatively short electrodes 7 extend from stimulator 4 to contact or to be in a vicinity of 
an MTS, such as SPG 6. 

25 hi the present patent appUcation and tiie claims, a "modulation target site" 

consists of: 

• a sphenopalatine ganglion (SPG) (also caUed a pterygopalatine 
gangKon); 

• an anterior ethmoidal nerve; 
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• a posterior etbmoidal nerve; 

• a conmiimicating branch between the anterior ethmoidal nerve and 
the SPG (retro orf)ital branch); 

• a conmitmicating branch between the postoior ethmoidal nerve and 
5 the SPG (retro orbital branch) 

• a nerve of the pterygoid canal (also called a vidian nerve), such as a 
greater superficial petrosal nerve (a preganglionic parasympathetic 
nerve) or a lesser deep petrosal nerve (a postganglionic syn?)athetic 
nerve); 

10 ©a greater palatine nerve; 

• a lesser palatine nerve; 

• a sphenopalatine nerve; 

• a commnnicating branch between the maxillary nerve and the 
sphenopalatine gangUon; 

IS • a nasopalatine nerve; 

• a posterior nasal nerve; 

• an infraorbital nerve; 

• an otic ganglion; 

• an afferent fiher going into the otic ganglion; and/or 
20 an efferent fiber going out of the otic ganglioiL 

For some appKcations, stimulator 4 is implanted on top of tiie bony palate, in the 
bottom of the nasal cavity. Alternatively or additionally, die stimulator is implanted at 
tiiB lower side of the bony palate, at the top of tiie oral cavity. In tiiis instance, one or 
more flexible electrodes 7 originating in tiie stimulator are passed through tiie palatine 
25 bone or posterior to tiie soft palate, so as to be in a position to stimulate tiie SPG or 
anotiier MTS. Further alternatively or additionally, tiie stimulator may be directly 
attached to the SPG and/or to anotiier MTS. 
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For some appUcations, stimulator 4 is delivered to a desired point within nasal 
cavity 2 by removably attaching stimulator 4 to the distal end of a rigid or slightly 
flexible introducer rod (not shown) and inserting the rod into one of the patienfs nasal 
passages until the stimulatoris property positioned. As appropriate, the placement 
' process may be feciUtated by fluoroscopy, x-ray guidance, fine endoscopic surgery 
(FES) techniques or by any other effective guidance method known in the art. or by 
combinations of the aforementioned. Preferably, the ambient temperature and/or 
cerebral blood flow is measured concurrently with insertion. The cerebral blood flow 
may be measured with, for example, a laser Doppler unit positioned at the patienfs 
foreheadorlranscranialDopplermeasurements. Verification ofproperin?,lantation of 
the electrodes onto the appropriate neural structure may be performed by activating the 
device, and generally simultaneously monitoring cerebral blood flow. 

The passage of certain molecules fix)m cerebral blood vessels into the brain is 
hmdered by the BBB. THe endotheHum of the capillaries, the plasma membrane of the 
blood vessels, and Ihe foot processes of the astrocytes all impede uptake by the brain of 
the molecules, -^e BBB generally allows only small molecules (e.g.. hydrophiUc 
molecules of molecular weight less than about 200 Da, and l^ophilic molecules of less 
than about 500 Da) to pass fiom the circulation into the brain. 

As used in the present application and in the claims, the BBB comprises the tight 
junctions opposing the passage of most ions and large molecular weight compounds 
ftom the blood to brain tissue, as weU as fiom the blood to structures of the eye. 

in accordance with a preferred embodiment of the present invention, 
parasympathetic activation mduced by current fiom stimulator 4 overcomes the 
resistance to trans-BBB molecular movement generated by the endolheUmn of the 
cerebri capillaries and the plasma membrane. For some applications, therefore 
stmiulator 4 may be used to Iransiently remove a substantial obstacle to the passage of 
drugs fiom the blood to the eye, thereby facilitating transport of drugs to a tissue of the 
eye. For .example, the stimulator may cycHcaUy apply current for about two minutes, 
and subsequently have a rest period of between about 1 and 20 minutes. 

It is hypothesized that two neurotansmitters play an important role in this 
change m properties of the BBB - vasoactive intestinal polspeptide (VIP) and nitric 
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oxide (NO). (Acetjdcholine may also be involved.) VIP is a short peptide, and NO is a 
gaseous molecula VIP is beUeved to be a nmjor ftoor in fedlit^ 
extravasation (PPE), while NO is responsible for vasodilation. For some applications, 
stimnlator 4 is ad^ted to vary parameters of the current ^plied to an MTS, as 
5 appropriate, in order to selectively inflnmce tiie activity of one or both of these 
neurotransmitters. For example, stimulation of Ae parasynqiathetic nerve at different 
frequencies can induce differential secretion - low frequencies cause secretion of NO, 
while hi^ frequencies (e.g., above about 10 Hz) cause secretion of peptides (VIP). 

For other applications, a constant level DC signal, or a slowly varying voltage 
10 ramp is applied, in order to block parasympathetic neural activity in affected tissue. 
Alternatively, snnilar results can be obtained by stimulating at a rate higher tiian about 
10 Hz, because tiiis tends to exhaust neurotransmitteis. Thus, stimulator 4 may be 
configured to induce parasyn^athetic electrical block, in order to cause vasoconstriction 
by mimicking the overall effect of chemical block on the SPG. 

15 Fig. 2 is a schematic iltastration of a stimulator control unit 8 positioned external 

to a patient's body, in accordance with a preferred embodiment of the present mvention. 
At least one flexible electrode 10 preferably extends from control unit 8, tiirough a 
nostril 12 of the patient, and to a position withm the nasal cavity 14 tiiat is adjacent to 
SPG 6. 

20 Itis to be understood that electrodes 7 (Fig. 1) and lOmay each comprise one or 

more electrodes, e,g., two electrodes, or an array of microelectrodes. For ^plications in 
which stimulator 4 comprises a metal housing that can function as an electrode, then 
typically one electrode 7 is used, operating in a monopolar mode. Regardless of tiie 
total number of electrodes in use, typically only a single or a double electrode extends 

25 to SPG 6. Other electrodes 7 or 10 or a metal housing of stimulator 4 are preferably 
ten?)orarily or permanentiy implanted in contact witii other parts of nasal cavity 2. 

Each of electrodes 7 and/or 10 preferably comprises a suitable conductive 
material, for example, a physiologicaUy-acceptable material such as silv^, iridimn, 
platinum, a platinum iridium aUoy, titanium, nitinol, or a nickel-chrome alloy. For 
30 some ^pUcations, one or more of the electrodes have lengths ranging from about 1 to 5 
mm, and diameters ranging from about 50 to 100 microns. Each electrode is preferably 
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insulated with a physiologically-acceptable material such as polyethylene, polyurelhane, 
or a co-polymer of either of these. The electrodes are preferably spiral in shape, for 
better contact, and may have a hook shaped distal end for hooking into or near the SPG. 
Alternatively or additionally, the electrodes may comprise single wire electrodes, 
5 spring-loaded "crocodile" electrodes, or adhesive probes, as ^propriate. 

hi a preferred embodiment of the invention, each one of electrodes 7 and/or 10 
comprises a substantially smooth sur&ce, except flat the distal end of each such 
electrode is configured or treated to have a large surfece area. For exan[5)le, the distal tip 
may be porous platinized Alternatively or additionally, at least flie tip of electrode 7 or 
10 10, and/or a metal housing of stimulator 4 includes a coating coi^prising an anti- 
inflammatoiy drug, such as beclomethasone sodium phosphate or beclometfaasone 
phosphate. Alternatively, such an anti-inflammatory drug is injected or otherwise 
applied. 

Kg. 3 is a schematic block diagram illustrating circuitry con^rising an 
15 in5)lanted unit 20 and an ejctemal unit 30, for use with stimulator 4 (Fig. 1), in 
accordance with a preferred anbodiment of the present mvention. Implanted unit 20 
preferably comprises a feedback block 22 and one or more sensing or signal application 
electrodes 24. Implanted unit 20 typically also comprises an electromagnetic coupler 26, 
which receives power and/or sends or receives data signals to or from an 
20 electromagnetic coupler 28 in external unit 30. 

External unit 30 preferably comprises a microprocessdr 32 which receives an 
external control signal 34 (e.g., from a physician or from the patient), and a feedback 
signal 36 from feedback block 22. Control signal 34 may include, for exanq)le, 
operational parameters such as a schedule of operation, patient parameters such as the 

25 patient's weight, or signal parameters, such as desired frequencies or amplitudes of a 
signal to be applied to an MTS. If appropriate, control signal 34 can comprise an 
emergency override signal, entered by the patient or a healthcare provider to terminate 
stimulation or to modify it in accordance with a predetermiaed program. 
Microprocessor 32, in turn, preferably processes control signal 34 and feedback signal 

30 36 so as to determine one or more parameters of the electric current to be applied 
through electrodes 24. Responsive to this determination, microprocessor 32 typically 
generates an electromagnetic control signal 42 that is conveyed by electromagnetic 
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coupler 28 to electromagnetic coupler 26. Control signal 42 preferably corresponds to a 
desired current or voltage to be applied by eleclrodes 24 to an MTS, sudi as SPG 6, 
and, in a preferred embodiment, inductively drives the electrodes. The configuration of 
couplers 26 and 28 and/or other circuilty in units 20 or 30 may determine the intensity, 
fieqoenqr, shape, monophasic or biphasic mode, or DC of&et of the signal (e.g., a 
soles of pulses) ^lied to designated tissue. 

Power for microprocessor 32 is typically sapphsd by a battery 44 or, optionaUy, 
another DC power supply. Grounding is provided by battery 44 or a separate ground 46. 
If appropriate, microprocessor 32 generates a display signal 38 that drrves a display 
block 40 of external unit 30. TypicaUy, but not necessarUy, the display is activated to 
show feedback data generated by feedback block 22, or to provide a user interfece for 
the octemal unit 

hnplanted unit 20 is preferably packaged in a case made of titanium, platinum or 
an epoxy or otha: suitable bioconqiatible material Should tiie case be made of metal, 
IS then the case may serve as a ground electrode and, therefore, stimulation typically is 
performed in a monopolar mode. AhemativBly, should the case be made of 
biocompatible plastic material, two eleclrodes 24 are typically driven to apply current to 
tiieMTS. 

For some plications, Has waveform plied by one or more of electrodes 24 to 
20 designated tissue of an MTS (e.g., the SPG) conqnises a waveform with an exponential 
decay, a mnp iqj or down, a square wave, a sinusoid, a saw tooth, a DC compooeat, or 
any other shape known in the art to be suitable for plication to tissue. Alternatively or 
additionaUy, the waveform conqnises one or more bursts of short shaped or square 
pulses - each pulse preferably less than about 1 ms in duration. GeneraUy, appropriate 
25 waveforms and parameters thereof are determined during an initial test period of 
external unit 30 and implanted unit 20. For some appUcations, the waveform is 
dynamicaUy updated according to measured physiological parameters, measured during 
a period in which unit 20 is stimulating an MTS, and/or during a non-activation (Le., 
standby) period. 

30 Fig. 4 is a schematic block diagram of circuitry for use, for exanqjle, in 

conjunction with control unit 8 (Fig. 2), in accordance with a preferred embodiment of 
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thein:esentinven[doiL Aa external unit 50 conqnises a mcro^ 
battery 54 or another DC power source. Grounding may be provided by battery 54 or by 
a separate ground 56. Microprocessor 52 preferably receives control and feedback 
signals 58 and 68 (analogous to signal 34 and 36 described hereinabove), and generates 
5 responsive thereto a stimulation signal 64 conveyed by one or more electrodes 66 to an 
MTS or other tissue. Typically, but not necesKirily, feedbadc signal 68 comprises 
electrical feedback measured by one or more of electrodes 66 and/or feedback fiom 
other sensors on or in the patient's brain or elsewhere coi5)led to the patienf s body. If 
appropriate, microprocessor 52 generates a display signal 60 which drives a display 
10 block 62 to output relevant data to the patient or the patient's physician. Typically, 
some or all of electrodes 66 are temporarily nnplanted in the patient (e.g., following a 
stroke), and are directly driven by wires connecting the external unit to the in^planted 
unit. 

Fig. 5 A is a graph schematically illustrating a mode of operation of one or more 
15 of the devices shown in Figs. 1-4, in accordance with a preferred embodiment of the 
present invention. Preferably, the effect of Ihe appUed stimulation is monitored by 
means of a temperature transducer at an MTS (e.g., the SPG) or elsewhere in the head, 
e.g., in the nasal cavity. As shown in Fig. 5A for a step (ON/OFF) mode of stimulation, 
stimulation of an MTS or related tissue is initiated at a time Tl, and this is reflected by a 
20 measurable rise in temperature (due to increased blood flow). Once the temperature 
rises to a predetermined or dynamically-varying threshold (e.g., 37 ^C), stimulation is 
terminated (time T2), responsive to which the temperature fells. As appropriate, when 
tiie temperature drops to a designated or dynamically-determined point, the stimulation 
is reinitiated (time T3). Preferably, suitable temperatures or other physiological 
25 parameters are determined for each patient so as to provide the optimal treatment If 
appropriate, control instructions may also be received from the patient 

Fig. 5B is a graph schematically illustrating a mode of operation of one or more 
of the devices shown in Figs. 1-4, in accordance witii another preferred embodnnent of 
the present invention. In this embodiment, the an5)litude of the waveform appKed to an 
30 MTS is varied among a continuous set of values (SI), or a discrete set of values (S2), 
responsive to the measured temperature, in order to achieve the desired performance. It 
will be appreciated that other feedback parameters measured in the head (e.g.. 
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intraocular pressure, mtracraiiial pressure and/or cerebral blood flow), as well as 
measured systemic parameters (e.g., heart rate) and subjective patient inputs may be 
used in conjunction with or separately from temperature measurements, in order to 
achieve generally optimal performance of the implanted qyparatus. 

5 Fig. 6 is a graph schematically illustrating amode of operation of one or more of 

the devices shown in Figs. 1-4, 14, and 15, in accordance with a prefered embodiment 
of the present invention. In this anbodimait, a drug is administered to the patient at a 
constan* rate, e.g,, intravenously, prior to the initiation of chemical, mechanical, 
electrical and/or odoraut stimulation of an MTS at time Tl. Advantageously, this prior 

10 generation of heightened conceatratians of the drug in the blood tends to provide 
relatively rapid transfer of the drug across the BBB and into the eye via the brain, 
without unnecessarily prolonging the enhanced pemieability of the BBB while waiting 
for the blood concentration of the drug to reach an ^ropriate level Ahematively, for 
some applications it is desirable to give a single injection of a bolus of the drug shortly 

15 before or after initiation of stimulation of an MTS, Typically, conibined administcation 
and stimulation schedules are determined by the patients physician based on the 
biochemical properties of each drug targeted at the eye. 

Fig. 7 is a schematic block diagram showing circuitry for parasynq)athetic 
stimulation, which is particularly useful in combination with the embodiment shown in 
20 Fig. 1 , in accordance witii a prefenred embodiment of the present invention. An external 
unit 80 preferably comprises a microprocessor 82 that is powered by a battery 84 and/or 
an AC power source. Microprocessor 82 is grounded through battery 84 or throu^ an 
optional ground 86. 

hi a typical mode of operation, an external control signal 88 is input to 
.25 microprocessor 82, along with a feecfcack signal 108 firom one or more biosensors 106, 
which are typically disposed in a vidnity of an inotplanted unit 100 or elsewhere on or in 
tiie patient's body. Responsive to signals 88 and 108, microprocessor 82 preferably 
generates a display signal 89 which drives a (fisplay 90, as descaibed hereinabove, hi 
addition, microprocessor 82 preferably processes external control signal 88 and 
30 feedback signal 108, to determine parameters of an ou:^ signal 92, which is 
modulated by a modulator 94. The output therefrom preferably drives a current through 
an electromagnetic coupler 96, which inductively drives an electromagnetic coupler 98 
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of itqplaiited unit 100. A d^odulator 102, coiipled to electromagnetic coiipler 98, in 
turn, generates a signal 103 which drives at least one electrode 104 to qyply current to 
anMTS or to other tissue, as appropriate. 

Preferably, biosensor 106 coniprises implantable or external medical ^aratus 
5 including, for example, one or more of the following: 

• a blood flow sensor, 

• a temperature sensor, 

• a chemical s^or, 

• an nttrasotmd sensor, 

10 • transcranial Doppler (TCD) apparatus, 

• laser-Doppler apparatus, 

• a systemic or intmcranial blood pressure sensor (e.g., comprising a 
piezoelectric crystal or capadtive sensor fixed to a major cerebral blood 
vessel, capable of detecting a sudden blood pressure increase indicative 

15 of a clot), 

• an intraocular pressure sensor, e.g., comprising a piezoelectric crystal or 
capacidve sensor coupled to the nasal (medial) wall of the orbit, or at 
another site suitable for measuring intraocular pressure, 

• a tissue vitality sensor, e.g., comprising laser Doppler or other optical 
20 apparatus for detecting a NAD/NADH ratio in tissue, using optical 

techniques known in the art for detecting the metabolic state of a tissue, 

• a kinetics sensor, con^)rising, for example, an acceleration, velocity, or 
level sensor (e.g., a mercury switch), for indicating body dispositions 
such as a sudden change in body attitude (as in collapsing), 

25 •an electroencephalographic (JEEG) sensor comprising EEG electrodes 
attached to, or implanted in, the patients head, for indicating changqs in 
neurological patterns, such as symptoms of stroke. 
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• a blood vessel clot detector (e.g., as described heteinbelow with 
refraence to Fig. 13), or 

• otber monitors ofphysiologicalquantfties suitable for canying out tiie 
objects of this or otbse embodimeDts of the present invention. 

5 Fig 8 is a schematic iUustration showing operational modes of modulator 94 

and/or demodulator 102. in accordance with a preferred embodiment of the present 
invention. The an5)litude and fieqoency of signal 92 in Fig. 7 can have certain values, 
as rqnesented in the left graph; however, the amphtude and fiequency are modulated so 
that signal 103 has different characteristics. 

10 ^'ig- 9 is a schematic iUustration of further apparatus for stimulation of an MTS, 

in accordance witii a preferred embodiment of the present invention. In this 
embodiment, substantially aU of the processing and signal generation is performed by 
dicuiliy in an hnplanted unit 1 10 in the patient, and, preferably, communication with a 
controUer 122 in an external unit 111 is performed only intermittently. The implanted 
unit 110 preferably comprises a microprocessor 112 coiq)led to a battery 114. 
Microprocessor 112 generates a signal 116 that travels along at least one electrode 1 18 
to stimulate the MTS. A feedback signal 120 from a biosensor (not shown) and/or from 
electrode 118 is received by microprocessor 112, which is adapted to modify 
stnnulation parameters responsive thereto. Preferably, microprocessor 112 and 
controller 122 are operative to commnnicate via wireless couplets 126 and 124 (e.g., 
electromagnetic coi^jlets), in order to exchange data or to change parameters. Ptother 
preferably, battery 114 is wirelessly rechargeable (e.g., inductively rechargeable by 
electromagnetic coiq)ling). 

Fig. lOA is a schematic ilhisttation of a stimnlator 150, in accordance with a 
preferred embodiment of the present invention. Preferably, siibstantiaUy all of the 
electronic conqionents (including an electronic drcuit 158 having a rechargeable energy 
source) are encapsulated in a biocompatible metal case 154. An inductive cdl 156 and 
at least one electrode 162 ate preferably coupled to circuit 158 by means of a feed- 
through coupling 160. The inductive coil is preferabty isolated by an epoxy coating 
30 152, which aUows for hi^er efficiency of the electromagnetic couplmg. 
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Fig. lOB is a schematic iUusttaticm of anotlier canfiguration of an inq)laiitable 
stimulator, in accordance with a preferred embodiment of the present invention. 
Preferably, substantially aU of the electronic components (inchiding an inductive coU 
176 and an electronic circuit 178 having a rechargeable energy source) are encapsulated 
in a biocompatible metal case 174. One or more feed-thronghs are preferably provided 
to enable coi?)ling between at least one electrode 182 andthe eleclionic circuit, as wett 
as between inductive coil 176 and another inductive coil (not shown) in conmiunication 

With reference to Figs. lOA and lOB, the energy source for electronic circaits 
158 and 178 may conqirise, for esanqile, a primary battray, a rechargeable battery, or a 
super capadlOT. For applications in which a rechargeable battery or a sapes: capacitor is 
used, any kmd of enagizing means may be used to charge the energy source, such as 
(but not limited to) standard means for inductive charging or a mimature 
electromechanical energy converter that converts the kinetics of the patient movement 
into electrical charge. Alternatively, an external light source (e.g., a simple LED, a laser 
diode, or any other Ught source) may be directed at a photovoltaic cell in Hie electronic 
circuit Furtiier alternatively, ultrasound eriergy is directed onto the implanted uni^ and 
transduced to drive battery rharging means. 

Figs. 11 and 12 are bar gr^hs showing experimental resuhs obtained during rat 
expraiments perfonned in accordance with a prefened embodiment of flie present 
inventioa A common technique in monitoring bio-distribution of materials in a system 
includes monitoring Ae presence and level of radio-labeled tracers. Tbese tracers are 
unstable isotopes of common elements (e.g., To,. In, Cr. Ga, and Gd), conjugated to 
target materials. The chemical properties of the tracer are used as a predictor for the 
25 behavior of other materials with similar physiochemical properties, and are selected 
based on the particular biological mechanisms that are being evaluated. Topically, a 
patient or experimental animal is placed on a Gamma camera, or target tissue samples 
can be harvested and placed separately into a well counter. For the purpose of the 
present set of experiments which were performed, the well counter method was chosen 
30 due to its higha: sensitivity and spatial resolution. A series of experiments using 99Tc- 
DTPA (DTPA molecule conjugated to a 99-Technetium isotope) were performed. The 
molecular weight of 99Tc-DTPA is 458 Da, its UpophiUdty is negative, and its electric 
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chaige is +1. These parameters are quite sirriilar with pharmacological agents used in 
standard chemother^y, such as tamoxifen, etoposide andiiinotecan. 

Figs. 11 and 12 show results obtained using 99Tc-DTPA penetration assays 
using ordinary brain sampling techniques (Fig. 11) and peeled brain techniques (Fig. 
12). nie X-axis of each graph represents different experimental runs, and the y-axis of 
each ffapk is defined as: [(hemisphere radioactivity) / (hemisphere weight)] / [(total 
injected radioactivity) / (total animal weight)]. The resuhs obtained demonstrate an 
average 2.5-fold mcrease in the penetratioa of 99To-DTPA to the rat brain. It is noted 
that these results were obtained by unilateral stimulation of the SPG. The inventors 
believe that bilateral SPG stimulation will approximately double drug penetration, 
relative to unilateral SPG stimulation. 

In botii Fig. 11 and Fig. 12, some animals were designated as control animals, 
and other animals were designated as test animals. In each group, tiie left and right 
hemispheres were tested sqiarately, and the height of each bar represents, for a given 
animal and a given hemisphere, the normalized level of radioactivity as defined above. 
Thus, Fig. 11 shows results fiom a total of four test hemispheres and four control 
hemispheres. Fig. 12 shows results firom six test hemispheres aiid fourteen control 
hemispheres. The juxtaposition of control and test bars in the bar graphs is not meant to 
in^dy pairing of control and test hemispheres. 

20 ^3 is a schematic illustration ofacoustic or optical clot detection apparatus 

202, for use, for example, in providmg feedback to any of the microprocessors or other 
circuitry described hereinabove, in accordance with a preferred embodiment of tiie 
present invention. The detection is preferably performed by couplirig to a major blood 
vessel 200 (e.g., the internal carotid artery or aorta) a detecting element comprising an 

25 acoustic or optical transmitteiyteceiver 206, and an optional reflecting surfece 204. 
Natural physiological Kquids may serve as a mediating fluid between the device and the 
vessel Preferably, tiie transmitter/receiver generates an ultrasound signal or 
electromagnetic signal which is reflected and returned, and a processor evaluates 
changes in the returned signal to detect indications of a newly-present clot 

30 Alternatively, a transmitter is placed on side of tiie vessel and a receiver is placed on the 
otiier side of the vessel, hi eitiier case, for some appUcations, more tiian one such 
apparahis 202 are placed on the vessel, in order to improve tiie probabiUty of successful 
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clot detectkm for possible estmalioa of the clot's direction of motion wiibin the vessel, 
and to lower the &lse alann (i.e. &lse detection) rate. 

Fig. 14 is a schematic illustration of an iiiq)lantable stimulator 400 for 
stiranlation of an MTS, in accordance with a preferred embodiments of the present 
inveotioa Stimulator 400 is preferably in^lanted adjacrait to oibilal cavity 408 of a 
siAjecL At least one electrode 402 extends from tiie stimulator to at least one ofi an 
anterior ethmoidal nerve 404 and a posterior ethmoidal nerve 406, which are 
modulation taiget sites. Stimulator 400 is preferably implanted timragh an incision 
made in the vppa edge of the eyeUd (not shown). 

Embodiments of tiie presort invention have many medical applications for 
treating conditions of tiie eye. For example, chemotherapeutic drags can be 

administered to tissue of flie eye via cerebral tissue in order to treat tumors of tiie eye. 
Most of tiie chemotiier^»eutic drugs have molecular weights of 200-1200 Da, and thus 
tiiefa- transport tinough tiie blood-bram barrier (BBB) is highly restricted. Furthermore, 

15 some oftiiechemotiier^ientic drugs also have high plasma bmding ratios. 

M a prefiared embodiment of tiie presait invention, an odorant is presented to an 
air passage of a patient, such as a nasal cavi^ ot tiie tiiroat, so as to increase CBF and 
blood flow to tiw eye, in order to treat a condition of tiie eye. Alternatively or 
additionaUy, an odorant is similarly presmted in order to enhance deUvery of 

20 tiierapeutic molecules across tiie BBB and to die eye. in oitler to treat a condition of tiie 
eye. 

Fig. 15 is a schematic sectional illustration of a nasal inhaler 300, for use in 
presenting an odorant to a subject, m accordance with a preferred embodiment of tiie 
present invention. Nasal inhaler 300 preferably comprises apparatus known in tiie art, 

25 such as an aqueous spray nasal inhaler, a metsaed dose nasal inhaler, or an air-dilution 
olfactometer. The odorant is stored in an odorant-storage vessel 302, and is detivered to 
a nasal passage usmg an odorant-deUvety element 304, such as a nasal piece. 
Alternatively or additionaUy, tiie odorant is presented by means of an orally^dissolvable 
capsule tiiat releases tiie active odorants upon contact witii salivary liquids. The 

30 odorants reach the appropriate neural stractures and uiduce vasodilatation, 
vasoconstriction and/or cerebrovascular permeability changes. 
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In a preferred embodiment of the present invention, stimulation of the MTS is 
achieved by applying a neuroexdtatory agent to the JS4TS. Suitable neuroexdtatory 
agents inctade, but are not limited to acetylcholine and urecholine. For some 
appUcations, the MTS is stimulated by applying a neuroinhibitoiy agent, such as 
atropme, hexamethonium, or a local anesthetic (e.g., lidocaine). 

In a preferred embodiment of the present invention, stimulation of the MTS is 
achieved by applying mechanical stinnilation to the MTS, e.g., vibration. 

In a prefened embodiment of the present invention, techniques of electrical, 
chemical, mec?hanical and/or odorant stimulation are used to treat a condition of the eye! 
For some conditions, such as ocular vascular disorders, such stimulation is configured 
so as to increase cerebral blood flow (CBP), ihereby increasing blood flow to various 
tissues of the eye, so as to treat the condition. Alternatively or additionally, such 
stimulation is configured to increase permeabiUty of the BBB, in order to enhance 
deUvery of therapeutic molecules across tbeBBBandintotiieeye,soasto treat tumors 
15 and other conditians of the eye. 

In a preferred embodfanent of the present invention, conditions of the eye are 
treated by flying bq)olar stimulation, m wMdi a first electrode is appUed to a first 
MTS, and a second electrode is appUedto a second MTS. In apreferred example of this 
technique, a first electrode is appUed to the vidian nerve and a second eleclrode is 
20 ^liedtotiieSPG. 

These stimulation techniques, alone or in combination, are beUeved to be 
particularly nsefiil for treating the following eye conditions. It is to be noted that, in the 
disclosure that follows, ai^ descriptions of possible therapeutic mechanisms are by way 
of illustiation only, and the scope of the present invention includes treatments that result 
25 from otiier mechanisms as welL 

Diabetic retinopathies 

Stimulation techniques described herein are used to treat various diabetic 
retinopathies, including those caused by diabetes meUitus. It is hypothesized that 
increasing CBF improves blood flow to the eye, thereby improving oxygenation of eye 
tissue. It is therefore hypothesized that various diabetic retinopathies can be treated by 
increasing blood flow to the eye, and improving oxygenation of the eye tissue. 

31 
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Retinal vein occlusion 

Stimulation techniques described herein are used to treat retinal vein occlusion. 
h is believed that retinal vein occlusion is caused in part by a build-up of metabolites. It 
is therefore hypothesized that this condition can be treated by increasing clearance of 
5 melaboUtes fiom the cells of fte eye into the c^illaries of Ae qre. It is further 
hypothesized that altematively or additionally, this condition can be treated by 
increasing metabolism to flie cells of the eyes. The stimulation techniques described 
herein may achieve one or both of these effects by increasing CBF, increasing blood 
flow to and in the eyes, and/or increasing BBB permeability, which may also mcrease 
10 tiiepeimeability of capillary walls in the eyes. Additionally, increasing blood flow in 
the eyes ^ically releases occlusions. 

Retinal artery occlusion 

Stimulation techniques described herein are used to treat retinal artery occlusion, 
including transient central retinal occlusion. When retinal artery occlusion has 

15 occurred, tissue survival can generally be improved by increasing blood flow to the 
affected tissue (similar to ischemic stroke), and tiiereby allowing more nutrients to be 
si]5)plied to the tissue in danger. It is hypotiiesized that tiie stimulation techniques 
described herem increase blood flow to eye tissue by increasing CBF. Altematively or 
additionally, tiie techniques described herein may dilate the vessels leadmg to tiie eye, 

20 which may allow a blood clot to migrate to a narrower vessel. As a result, tiie larger 
vessel is no longer obstracted, and damage is to some extent limited to the lesser 
amount of tissue supplied by the narrower vessel 

Retinal detachment 

Stimulation techniques described herein are used to treat retinal detachment It 
25 is hypothesized that the stimulation techniques described herein increase CBF, thereby 
increasing blood flow to the eye, which improves reattachment of the retina. 
Tumors of the eye 

Stimulation techniques described hereia are used to treat tumors of tiie eye, such 
as tumors of tiie optic nerve and retinal carcinoma, by (a) increasing tiie permeability of 
30 the BBB to large compounds (such as large tiierapeutic molecules, or small therapeutic 
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molecules bound to large molecules) that would otherwise have lower-tbaiMlesiiBd 
penetration into the tumor and/or (b) increasing CBF. as described hereinabove. 
Macular degeneration 

Stimulation techniques described herein are nsed to treat macular degeneration, 
including senile macular degeneration. It is hypothesized that increasing CBF mcreases 
choroidal blood flow, which arrests and/or decreases the degenerative process 
associated with macular degeneration. Alternatively or additionally, stimulation 
techniques described herein are used to treat macular degeneration by mcreasing the 
permeabiEty of the BBB to large compounds (such as large therapeutic molecules, or 
smaU therapeutic molecules bound to large molecules) that would otherwise have 
lower-thaurdesired penetration into the eye. 

Glaucoma 

Stimulation techniques described herem are used to treat glaucoma, including 
open- and closed-angle glaucoma. It is hypothesized that increasmg CBF increases 
15 fluid clearance from the anterior chamber of the eye. Such increased fluid clearance 
treats tiie condition by lowering mtraocular pressure (lOP), which is elevated in 
glaucoma. 

M a preferred embodiment, tiie stimulation techniques described herein are used 
to tiBat other optic neuropathies, retinal-degeneration diseases, and/or cystoid macular 
20 edema (CME). 

hi a preferred embodiment of the present invention, the electrical, chemical, 
mechanical and/or odorant stimulation techniques described herein are appUed to 
faciUtate a diagnosis of an eye condition of a subject The increased permeability of the 
BBB resulting from such stimulation generally causes an increase in molecular passage 

25 between the eye and a tissue of the subject, such as blood of the subject As a result, 
constitiients that can serve as diagnostic indicators, such as proteins, hormones, 
antibodies, electrolytes, neuropeptides, and enzymes, typicaUy pass from the eye into 
tiie systemic blood circulation of tiie subject, where they can be readily tested to aid in 
diagnosis of the eye condition. Alternatively, a diagnostic agent is injected into the 

30 blood of tiie subject, and tiie techniques described herein are used to increase passage of 
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the agent fixwn the blood into at least a portion of tissue of the eye. A diagnostic 
procedure is thai performed on the eye usmg the diagnostic agent 

In some embodiments of the present invention, techniques described herein are 
practiced in combination with techniques described in one or more of the above-dted 
co-assigned provisional patent applications: (i) US Provisional Patent Application 
60/426,180, ffled November 14, 2002, entitled, "Surgical tools and techniques for 
stimulation," Qi) US Provisional Patent Application 60/426,182, filed November 14, 
2002, entitled, "Stimulation circuitty and control of electronio medical device," and (iii) 
US Provisional Patent Application 60/426,181, ffled November 14, 2002, entitled, 
"Stimubtion for treating ear pathologies." All pf these applications are mcorporated 
herein by reference. 

It will be appreciated by persons skilled in the art that the present invention is 
not limited to what has been particularly shown and described heremabove. Rather, the 
scope of the present invention inchides both combinations and subcombinations of the 

15 various features described hereinabove, as well as variations and modifications thereof 
that are not in the prior art, which would occur to persons skilled in tiie art upon reading 
flie forgoing descrq»tioa For example, elemraits which are shown m a figure to be 
housed witiiin one integral unit may, for some applications, be disposed in a ptaralily of 
distinct units. Similarly, apparatus for communication and power transmission which 

20 are shown to be coupled in a wireless feshion may be, alternatively, coi^led m a wired 
feshion, and apparatus for communication and power transmission whidi are shown to 
be coupled in a wired fashion may be, alternatively, coupled in a wireless fishion. 
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CLAIMS 

1. Apparatus for treating a condition of an eye of a subject, comprisdng a stinmlator 
at^ed to stimulate at least one site of the subject, so as to treat the eye condition, the 
site selected from the list consisting of: a sphenopalatine gangUon (SPG) of the subject, 
an anterior ethmoidal nerve of the subject, a posterior ethmoidal neive of the subject, a 
ccanmunicating branch between an anterior ethmoidal nerve and a retro-oibital branch 
of an SPG of the subject, a communicating branch between a posterior ethmoidal nerve 
and a ntowjibital branch of an SPG of the subject, a greater palatine neive of the 
subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a 
communicating branch between a maxillary nerve and an SPG of the subject, a 
nasopalatine nerve of the subject, a posterior nasal nerve of the subject, an infraorbital 
nerve of the subject, an otic ganglion of the subject, an afferent fiber going into the otic 
ganghon of the snbject, an efferent fiber going out of the otic ganglion of the subject, a 
vidian nerve of the subject, a greater superficial petrosal nerve of the subject, and a 
15 lesser deep petrosal nerve of the subject 

2. Apparatus according to claim 1, wherein the condition includes diabetic 
retinopathy, and wherein the apparatus is adapted to treat the diabetic retinopathy. 

3. Apparatus according to claim 1, wherein the condition inchides retinal vein 
occlusion, and wherein the apparatus is adapted to treat the retinal vein occlusion. 

20 4. Apparatus according to claim 1, wherein the condition inchides retinal artery 
occlusion, and wherein the apparatus is adapted to treat the retinal artery occlusioa 

5. Apparatus according to claim 1, wherein the condition includes retinal 
detachment, and wherein the apparatus is adapted to treat the retinal detachment 

6. Apparatus according to claim 1, wherein the condition inchides macular 
degeneration, and wherein the apparatus is adapted to treat the macular degeneration. 

7. Apparatus according to daim 1, wherein tiie condition includes glaucoma, and 
Mdierem the apparatus is adapted to tiBat the glaucoma. 

8. Apparatus according to claim 1, wherein the condition includes an optic 
neuropalhy, and wherein the apparatus is ad^d to treat the optic neuropathy. 
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9. -^jparatns according to claim 1, wherein the condition includes retinal 
degeneration, and wherein fte apparatus is adapted to treat the retinal degeneration. 

10. Apparatus according to claim 1, \rfierem the condition inchides cystoid macular 
edema (CME), and wherein the qjparatos is adapted to treat the CME. 

5 1 1. Apparatus according to claim 1, wherein the site includes the SPG, and wherein 
tiw stimulator is adapted to stimulate the SPG, so as to treat the eye condition. 
12. Apparatus according to claim 1, wherein the site inchides the anterior ethmoidal 
nerve of the subject, and wherein the stimulator is ad^rted to stimulate the anterior 
ethmoidal nerve, so as to treat the eye condition. 

10 13. Apparatus according to claim 1, wherein the site includes the posterior 
ethmoidal nerve of the sutgec^ and vrfierBm the stimulator is adapted to stimulate the 
posterior ethmoidal nerve, so as to treat tiie eye condition. 

14. i^aratus according to dahn 1, wherem tiie site is selected ftom the list 
consisting of: the communicating branch between the anterior ethmoidal nerve and the 

15 letro-oibital branch of the SPG, and the communicating branch between the posterior 
ethmoidal nerve and the retro-orbital branch of the SPG, and wherein the stimulator is 
adapted to stimulate the communicating branch, so as to treat the eye condition. 

15. Apparatus according to claim 1, wherem tiie site includes tiie greater palatine 
nerve of tire subject and wherein tiie stunulator is adapted to stimulate the greater 

20 palatine nerve, so as to treat tiie eye conditirau 

16. .^aratus according to clann 1, wrtierein tiie site inchides tiie lesser palatine 
nerve of tiie subject, and wherem tiie stimulator is adapted to stimulate tiie lesser 
palatine nerve, so as to treat tiie eye condition. 

17. Apparatus according to claim 1, wherein the site includes the sphenopalatine 
25 nerve of tiie subject, and wherein tiie stimulator is ad^ted to stimulate tiie 

sphenopalatme nerve, so as to treat tiie eye condition. 

18. Apparatus accordmg to claim 1, wherein tiie site includes tiie communicating 
branch between tiie maxillary nerve and tiie SPG, and wherein tiie stimulator is adapted 
to stimulate tiie communicating branch, so as to treat the eye condition 
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19. Apparatus accordiiig to claim 1, whQ:ein the site includes 1he nasopalatme nerve 
of &e subject, and wherein the stimulator is adapted to stimulate the nasopalatine nerve, 
so as to treat the eye condition. 

20. Apparatus according to claun 1, wherein the site includes the posterior nasal 
5 nerve of the subject, and wherein the stimulator is adapted to stimulate the posterior 

nasal nerve, so as to treat tiie eye conditioa 

21. Apparatus according to claim 1, wherein the site includes the iofraorbital nerve 
of tiie subject, and wherein the stimulator is adapted to stimulate the infraorbital nerve, 
so as to treat the eye condition. 

10 22. Apparatus according to claim 1, wherein the site includes the otic ganglion of 
the subject, and wherein the stimulator is adq)ted to stimulate the otic ganglion, so as to 
treat the eye conditioa 

23. Apparatus according to claim 1, wherem the site mcludes the affermt fiber 
goiug into the otic ganglion of the subject, and wherein the stimulator is adapted to 

15 stimulate the afferent fiber, so as to treat the eye conditioxL 

24. Apparatus according to claim 1, wherein the site includes the efiferent fiber 
going out of the otic ganglion of the subject, and wherein the stimulator is adapted to 
stimulate the efferent fiber, so as to treat the eye condition. 

25. Apparatus according to claim 1, wherem the stimulator is adapted to configure 
20 the stimulation of the site to cause an increase in cerebral blood flow (CBF) of the 

subject, so as to treat the eye condrtioiL 

26. Apparatus according to any one of claims 1-25, wherein the condition includes a 
tumor of the eye, and wherem the apparatus is adapted to treat the tumor. 

27. Apparatus according to claim 26, wherein the condition inchides a tumor of an 
25 optic nerve of the subject, and wherein the apparatus is adapted to treat the tumor of the 

optic nerve. 

28. Apparatus according to claim 26, wherein the condition includes retinal 
carcinoma, and wherein the apparatus is adapted to treat the retinal carcinoma. 
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29. Apparatus according to aiqr one of claims 1-25, whereiii the site includes the 
vidian nerve of the subject, and wherem the stimulator is adapted to stimulate tiie vidian 
nerve, so as to treat the eye conation. 

30. Apparatus according to claim 29, wherein the vidian nerve includes the greater 
5 superfidai petrosal nerve of the subject, and wherein the stimulator is adapted to 

stimulate the greater superficial petrosal nerve, so as to treat the eye condition. 

31. Apparatus according to claim 29, wherein the vidian nerve includes the lesser 
deep petrosal nerve of the subject, and wherein the stimulator is adapted to stimulate the 
lesser deep petrosal nerve, so as to treat Hxe eye condition. 

10 32. Apparatus according to any one of claims 1-25, wherein the stimulator is 
adapted to configure the stimulation of the site to cause an increase in molecular 
passage across a blood brain barrier (BBB) of the subject 

33. Apparatus according to claun 32, wherem the stimulator is adapted to configure 
the stimulation of the site to increase molecular passage across the BBB to a Tnagm'tudg 

15 that increases passage of a therapeutic agent from a systemic blood circulation of the 
subject through the BBB into a vicinity of the eye of the subject so as to treat tiie eye 
conditioiL 

34. Apparatus accordmg to any one of claims 1-25, wherein the stimulator 
comprises an electrical stimulator, adapted to drive a ctunent into the site, so as to 

20 stimulate the site. 

35. Apparatus according to claim 34, wherein the electrical stinmlator is adq)ted to 
be implanted in a body of the subject 

36. Apparatus accordmg to claim 34, wherem the electrical stunulator is adapted to 
be hnplanted at an urplantation site in or adjacent to an orbital cavity of the subject. 

25 37. Apparatus according to claim 34, wherein the electrical stimulator comprises at 
least one electrode, adapted to be placed in a vicinity of an ethmoidal nerve of the 
subject. 

38, Apparatus according to claun 37, wherein the electrode is adapted to be 
implanted in the vicinity of the ethmoidal nerve. 
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39. Apparatus aca)nling to daim 37, wherem the electro^ 
in a vidoity of an antoior etiimoidal nerve of ihe subject 

40. Apparatus according to claim 37, wherein the electrode is adapted to be placed 
in a vicinity of a posterior etiimoidal nerve of the subject 

5 41. Apparatus according to claim 34, wherein the electrical stimulator comprises: 
at least one electrode, adapted to be placed in a vicinity of the site; and 
a control unit, adapted to drive the electrode to apply the canent to the site. 

42. Apparatus according to claim 41, wherein the electrode is adqrted to be 
in^lanted in Ihe vicinity of ^ site. 

10 43. Apparatus according to claim 41, wherdn fte site includes a first site and a 
second site, different from Ihe first site, and wherein the at least one electrode comprises 
a first electrode and a second electrode, the first electrode adapted to be placed in a 
vicinity of the first site, and the second electrode adapted to be placed in a vicinity of 
iitR second site. 

15 44. Apparatus accordmg to claim 43, wherein the first site includes the vidian nerve 
of the subject, and the second site inctodes an SPG of the subject and wherem fbs first 
electrode is adapted to be placed in a vicinity of the vidian nerve, and the second 
electrode is adapted to be placed in a vicinity of the SPG. 

45. Apparatus according to aity one of claims 1-25, wherein the stimulator 
conqjrises a chemical stimulator device^ adapted to appty a neuroexcitatory agent to the 
site, so as to stimulate tiie site. 



20 



46. Apparatus according to claim 45, wherein the neuroexcitatory agent mcludes 
acetylcholine, and wherein the chemical stimulator device is adapted to apply tiie 
acetyldioline. ■ 

25 47. Apparatus according to claim 45, wherein the neuroexcitatory agent includes 
urechoHne, and wherein the chemical stimulator device is adapted to ^ly the 
urecholine. 

48. Apparatus according to any one of claims 1-25, wherein the stimulator 
conq)rises a mechanical stimulator device, adapted to apply mechanical stimulation to 
30 the site. 
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49. Apparatus according to claim 48, wherein the mechanical stimulator device is 
adq)ted to apply vibration to the site. 

50. Apparatus according to any one of claims 1-25, wherein the stimulator is 
adapted to configure the stinmlation of 4e site to cause an increase in a blood flow of 

5 the so as to treat the eye condition. 

51. Apparatus, according to claim 50, wherein the stimulator is ad^ted to configure 
the stimulation of the site to cause the increased blood flow of the eye to be of a 
magnitude that increases clearance of a substance ftom at least a portion of tiie eys, so 
as to treat the eye condition. 

10 52. Apparatus accordmg to claim 51, wherein fixe substance includes a fluid 
contained in an anterior chamber of the eye, and wherein the stimulator is adapted to 
configure the stimulation to cause mcreased clearance of the fluid fi-om the anterior 
chamber so as to lower an intraocular pressure of the eye, so as to treat the eye 
condition. 

15 53. Apparatus for diagnosing a condition of an eye of a subject, conqmsing a 
stimulator for sfimulatmg at least one site of the subject, configured so that molecular 
passage increases between the eye of tiie subject and a tissue of the subject responsive 
to the stimulation, so as to enable diagnosis of the eye condition, the site selected fiom 
the list consisting of: a sphenopalatine ganglion (SPG) of the subject, an anterior 

20 ethmoidal nerve of the subject a posterior ethmoidal nerve of the subject, a 
communicating branch between an anterior ethmoidal nerve and a retro-orbital branch 
of an SPG of the subject, a communicating branch between a posterior ethmoidal nwve 
and a retro-orbital branch of an SPG of the subject, a greater palatine nerve of the 
subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a 

25 communicating branch between a maxillary nerve and an SPG of the subject, a 
nasopalatine nerve of the subject, a posterior nasal nerve of tiie subject, an infiaoibital 
nerve of the subject, an otic gangUon of the subject, an afferent fiber going into the otic 
gangUon of the subject, an efferent fiber going out of the otic gangUon of the subject, a 
vidian nave of the subject, a greater superficial petrosal nerve of the subject, and a 

30 lesser deep petrosal nerve of the subject 
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54. Apparatus according to claim 53, wherein the tissue includes a systemic blood 
ciicolation of the subject, and wherein the stimnlator is adapted to ccmfigure the 
stimulation of the site to cause an increase in molecular passage between the eye and the 
systemic blood circulatioiL 

5 55. Apparatus accordmg to claim 53, wherein the stimulator is adapted to configure 
the stimulation of the site to cause an increase in molecular passage, from the tissue to 
at least a portion of the eye, of an agent for fedlitatmg a diagnostic procedure. 

56. Apparatus according to claim 53, comprising a sensor, adapted to measure an 
intraocular pressure of the eye. 

10 57. Apparatus according to any one of claims 53-56, wherein the stimulator is 
adapted to configure the stimulation of the site to cause an hicrease in molecular 
passage of a constitaent of the eye, fr(xm the eye to the tissue. 

58. Apparatus according to claim 57, wherein the stimulator is adapted to configure 
the stimulation of the site to cause the increase in molecular passage of the constituent, 

15 the constituent selected from the group consisting of: a protein, a hormone, an antibody, 
an electrolyte, a neuropeptide, and an enzyme. 

59. Apparatus for treatiiig a condition of a subject, comprising an electrical 
stimulator for stimulating at least one stimulation site of the subject, so as to treat the 
condition, the stimulator adapted to be inq>lanted at an implantation site in or adjacent 
to an orbital cavity of tiie subject, tiie stimulation site selected from the list consisting 
of: a sphenopalatine ganglion (SPG) of the subject, an anterior ethmoidal nerve of the 
subject, a posterior ethmoidal nerve of the subject, a communicating branch between an 
anterior ethmoidal nerve and a retixKirbital branch of an SPG of tiie subject, a 
communicating branch between a posterior eflmioidal nerve and a retto-orbiial branch 
of an SPG of the subject, a greater palatine nerve of tiie subject, a lesser palatine nerve 
of tiie subject, a sphenopalatine nerve of tiie subject, a communicating branch betwreen a 
maxillary nerve and an SPG of tiie subject, a nasopalatine nerve of tiie subject, a 
posterior nasal nerve of the subject, an infraorbital nerve of tiie subject, an otic ganglion 
of the subject, an afferent fiber going into tiie otic gangUon of tiie subject, an efferent 
fiber going out of the otic ganglion of the subject, a vidian nerve of tiie subject, a greater 
siq)erficiai petrosal nerve of tiie subject, and a lesser deep petrosal nerve of tiie subject 
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60. Ai^iaratas according to claim 59, comprism 
be iiqplanted in a vicinity of an ethmoidal narve of the subject 

61. Amethod for treating a condition of an eye of a subject, comprising stimulating 
at least one site of the subject, so as to treat the eye condition, the site selected ftom the 
list consisting of: a sphenopalatine gangUon (SPG) of the subject, an anterior ethmoidal 
nerve of the subject, a posterior ethmoidal nerve of the subject, a communicating branch 
between an anterior ethmoidal nerve and a retro-orbital branch of an SPG of the subject, 
a communicating branch between a posterior ethmoidal nerve and a retro-oibital branch 
of an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve 
of the subject, a sphenopalatine nerve of the subject, a communicating branch between a 
maxillary nerve and an SPG of the subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of the subject, an mfiaoibital nerve of the subject, an otic gangKon 
of the subject, an afferent fiber going into tiie otic gangUon of tiie subject, an efferent 
fiber gomg out of tiie otic ganglion of tiie subject, a vidian nerve of tiie subject, a greater 

15 superficial pebrual nerve of tiie subject, and a lesser deep petrosal nerve of tiie subject 

62. A mefliod according to claim 61, wherein tiie condition includes diabetic 
retinopafliy, and wherem stimulating tiie site comprises stimulating tiie site so as to treat 
tiie diabetic retinopathy. 

63. A metiiod according to claim 61, wherein tiie condition includes retinal vein 
20 occlusion, and wherein stimulating tiie site comprises stimulating tiie site so as to treat 

the retinal vein occlusion. 

64. A method accordmg to claim 61, wherein tiie condition includes retinal artery 
occlusion, and wherein stimulating tiie site comprises stimulating tiie site so as to treat 
the retinal artery occlusion. 

25 65. A metiiod according to claim 61, wherein the condition includes retinal 
detachment, and wherein stimulating tiie site comprises stimulating tiie site so as to treat 
the retinal detachment 

66. A metiiod according to claim 61, wherem tiie condition includes macular 
degeneration, and wherem stimulating tiie site comprises stimulating tiie site so as to 
30 treat the macular degeneration. 
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67. A method according to daim 61. wherein the condition includes glaucoma, and 
wherein stimnlating the site comprises stimulating the site so as to tr^ 

68. A mefliod according to claim 61. wherein the condition inchides an optic 
neuropathy, and wherem stiranlating the site comprises stimulatmg the site so as to treat 
the optic neuiopadiy. 

69. A method according 1o claim 61, wherein the condition includes retinal 
degeneration, and wherein stimulating the site comprises stimulating the site so as to 
treat the retinal degeneration. 

70. A method according to claim 61. wherein the condition inctades cystoid macular 
edema (CME), and wherein stimulating tiie site comprises stimulating lie site so as to 
treat the CME. 



71. A method according to claim 61, wbeiaa stimulating the site comprises 
stimulating tiie SPG, so as to treat the eye ccaidition. 

72. A method according to claim 61. wherein stimulating Ae site comprises 
15 stimulating tiie anterior ethmoidal nerve, so as to treat the eye condition. 

73. A method according to claim 61, wherein stimulating the site comprises 
stimulating the posterior ethmoidal nerve, so as to treat the eye condition. 

74. A method according to claim 61, wherein stimulating the site comprises 
stimulating a site selected fiom tiie list consisting of: tiie communicating branch 
between tiie anterior eflimoidal nerve and tiie retro-orbital branch of tiie SPG, and die 
communicating branch between die posterior etinnoidal nerve and the retro-orbital 
brandi of the SPG, so as to treat the eye condition. 

75. A metiiod according to claim 61, wherein stimulating die site comprises 
stimulating tiie greater palatine nerve, so as to treat tiie eye condition. 

25 76. A method according to claim 61. wherein stimulating tiie site con^irises 
stimulating tiie lesser palatine nerve, so as to treat tiie eye condition. 

77. A method accordmg to claim 61, wherein stimulating tiie site comprises 
stimulating tiie sphmopalatine nerve, so as to treat tiie eye condition. 
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78. A method according to clam 61, wherein stimulating the site comprises 
stihmlatiug the commnnicating branch between tiie maxillary nerve and the SPG, so as 
to treat the eye condition. 

79. A method according to claim 61, wherein stimulating the site comjprises 
stinmlating the nasopalatine nerve, so as to treat the eye condition. 

80. A metiiod according to claim 61, wherein stimulating the site conq»rises 
stimulating the posterior nasal nerve, so as to treat the eye condition. 

81. A method according to claim 61, wherein stimulating the site comprises 
stimulating the infiaorbital nerve, so as to treat the ^ condition. 

82. A method according to clann 61, wherein stimulating the site conges 
stinmlating the otic ganglion, so as to treat the eye condition. 

83. A metiiod according to claim 61, wherem stimulating the site comprises 
stimulating tiie afferent fiber gomg into the otic gangUon of tiie sobj ect, so as to treat the 
eye condition. 

15 84. A method according to claim 61, wherem stimulating the site comprises 
stimulating tiie efferent fiber going out of the otic gangUon of the subject, so as to treat 
the eye condition. 

85. A metiiod according to claim 61, wherein stimulating tiie site comprises 
configuring die stimulation to cause an increase in cerebral blood flow (CBF) of the 

20 subject, so as to treat the eye condition. 

86. A metiiod according to any one of claims 61-85, wherein tiie condition inchides 
a tumor of the eye, and wherein stimulating tiie site comprises stimulating tiie site so as 
to treat the tumor. 

87. A metiiod according to claim 86, wherein tiie condition includes a tumor of an 
25 optic nerve of tiie subject, and wherein stimulating tiie site con^irises stimulating die 

site so as to treat the tumor of the optic nerve. 

88. A metiiod according to claim 86, wheran tiie condition includes retinal 
carcinoma, and wherein stimulating tiie site comprises stinmlating tiie site so as to treat 
the retinal carcinoma. 
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89. A method according to any one of claims 61-85, wherein stimulating the site 
conqwises stimulating tiie vidian nerve, so as to treat the eye condition. 

90. A method according to claim 89, wherein stimulating the vidian nerve comprises 
stimulating tiie greater superficial petrosal nerve of the subject, so as to treat the eye 

5 conditioa 

91. A method according to claim 89, wherein stimulating the vidian nerve comprises 
stiraolating the lesser deep petrosal nerve of the subject, so as to Heat the eye condition. 

92. A method accordmg to any one of claims 61-85, wherein stimulating the site 
comprises configuring the stimulation to cause an mcrease in molecular passage across 

10 a blood bram barrier (BBB) of the subject 

93. A method accordmg to claim 92, wherein configuring the stimulation co^^»rises 
configuring the stimulation such that the increased molecolar passage across the BBB is 
of a magnitude that increases passage of a therapeutic agent fiom a systemic blood 
circulation of the subject through tiie BBB into a vicmity of tiie eye of the subject, so as 

15 to treat the eye conditioa 

94. A mefliod according to any one of claims 61-85, wherein stimulating the site 
corqprises driving a current into the site. 

95. A metiiod accordiiig to clahn 94, wherem driving tiie cunent comprises driving 
the cunrait at a stimulation site in or adjacent to an orbital cavi^ of the subject 

20 96. A method according to claim 94, wherein driving tiie current comprises driving 
fee current into an ethmoidal nerve of the subject 

97. A metiiod according to claim 96, wherein driving the current conq)rises driving 
the current into an anterior ethmoidal nerve of the subject 

98. A method according to claim 96, wherein driving the cunent comprises driving 
25 the current into a posterior ethmoidal nerve of tiie subject 

99. A metiiod according to any one of claims 61-85, wherein tiie site inchjdes a first 
site and a second site, different fiom tiie first site, and wherein driving tiie current 
con^rises driving tiie cunent between tiie first site and flie second site. 

100. A metiiod accordmg to claim 99, 
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wherein the first site includes the vidian nerve of the subject, and the second site 
inchides an SPG of the subject, and 

wherein drivmg the cmrent conqirises driving the current between the vidian 
nerve and the SPG. 

5 101. A method accordmg to any one of claims 61-85, wherein stimulating the site 
comprises applying a neuroexdtatoiy agent to the site, so as to stimulate the site. 

102. A method according to claim 101, \^erein applying Ihe neuroexcitatory agent 
comprises applying acetylcholine to the site, so as to stimulate the site. 

103. A method according to claim 101, wherein applying the neuroexcitatory agent 
10 couqjrises applymg urecholine to the site, so as to stimulate the site. 

104. A method according to any one of claims 61-85, wherein stimulating the site 
comprises flying medianical stimulation to the site, so as to stimulate the site. 

105. A mefliod accordmg to clahn 104, wharein applying the mechanical stimulatian 
conqjrises ^lymg vibration to flie site, so as to stimulate the site. 

15 106. A metiiod according to any one of claims 61-85, wherein stimulatiag the site 
comprises configuring the stimulation to cause an increase in a blood flow of the eye, so 
as to treat the eye conditioiL 

107. A metiiod according to claim 106, wherein configuring the stimulation 
conqjrises configuring the stimulation such that the increased blood flow is of a 
magnitude tiiat inareases clearance of a substance from at least a portion of tiie eye, so 
as to treat the eye conditioiL 

108. A method according to claim 107, wherein the substance includes a fluid 
contained in an anterior chamber of the eye, and wherein configuring the stimulation 
comprises configuring tiie stimulation to cause increased clearance of tiie fluid from the 

25 anterior chamber so as to lower an iatraocular pressure of the eye, so as to treat tiie eye 
conditiort 

109. A method for diagnosing a condition of an eye of a subject, comprising: 
stimulating at least one site of tiie subject, the site selected from the list 

consisting of: a sphenopalatine gangUon (SPG) of tiie subject, an anterior ethmoidal 
30 nerve of tiie subject, a posterior ettmoidal nerve of tiie subject, a communicating branch 
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between an anterior ethmoidal nCTve and a retro-oibital branch of an SPG of the subject, 
a conmninicating branch between a posterior ethmoidal nerve and a retro-oibital branch 
of an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve 
of the subject a sphenopalatine nerve of the subject, a communicating branch between a 
5 maxillary nerve and an SPG of the subject, a nasopalatine nerve of the subject, a 
posterior nasal nerve of flie subject, an mftaorbital nerve of the subject, an otic ganglion 
of the subject, an afferent fiber going into the otic ganglion of the subject, an effoent 
fiber going out of the otic ganglion of the subgect, a vidian nerve of the subject, a greater 
siq)erficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject; 
10 and 

configuring the stimulation so that molecular passage increases between the eye 
and a tissue of the subject responsive to the stimulaticm, so as to enable diagnosis of the 
eye conditioiL 

1 10. A metiiod according to claim 109, wherein the tissue includes a systemic blood 
15 circulation of the subject, and wherem configuring the stimulation comprises 

configuring tiie stunulation to cause an increase in molecular passage between the eye 
and the systemic blood circulation. 

111. A method according to claim 109, wherein configuring the stimulation 
comprises configuring the stimulation to cause an increase in molecular passage, fiom 

20 tiie tissue to at least a portion of the eye, of an agent for facilitating a diagnostic 
procedure. 

112. A method according to claim 1 09, comprising measuring an intraocular pressure 
of the eye. 

113. A method according to any one of claims 109-112, wherein configuring the 
25 stimulation conqyrises configuring the stimulation to cause an increase in molecular 

passage of a constituent of the eye, irom the eye to the tissue. 

114. A method according to claim 113, wherein configuring the stimulation 
comprises configuring the stimulation to cause the increase m molecular passage of the 
constituent, the constituent selected from the group consisting of: a protein, a hormone, 

30 an antibody, an electrolyte, a neuropeptide, and an enzyme. 

115. A method for treating a condition of a subject, con^wising: 
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implanting an electrical stimulator at an in5)lantation site in or adjacent to an 
orbital cavity of tiie snbject; and 

driving tiie electrical stimulator to stimulate at least one stimulation site of tiie 

subject, so as to lieat the condition, the stimahtion site selected ftom the M consisting 
5 of: a sphenopalatine ganglion (SPC^ of tiie subject^ an anterior etiunoidal nerve of the 
subjecl, a posterior eHunoidal nerve of the subject, a communicating branch between an 
anterior ethmoidal nerve and a retro-orbital branch of an SPG of tiie subject, a 
communicating branch between a posterior eflmioidal nerve and a retro-orbital branch 
of an SPG of the subject, a greater palatine nerve of tiie subject, a lesser palatine nerve 

10 of the subject, a sphenopalatine nerve of tiie subject a communicating branch between a 
maxillary nerve and an SPG of tiie subject, a nasopalatine nerve of tiie subject, a 
posterior nasal nerve of the subject, an in&aoibilal nerve of tiie subject, an otic ganglion 
of the subject, an afferent fiber going into the otic gangUon of tiie subject, an efiarent 
fiber going out of tiie otic gangUon of tiie subject, a vidian nerve of tiie subject, a greater 

15 siq)erficial petrosal nerve of tiie subjecl, and a lesser deep petrosal nerve of tiie subject 
116. A metiiod accordmg to claim 115, wherein tiie implantation site includes a 
vicinity of an ethmoidal nerve of tiie subject, and wherein implanting tiie electrical 
stimulator conqirises in?)lanting tiie electrical stimulator in tiie vicmily of tiie etimoidal 
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(57) Abstract: Apparatus is provided for treating a condition of an eye of a subject, comprising a stimulator (4) adapted to stimulate 
at least one site of the subject, so as to treat the eye condition, the site selected from the list consisting of: a sphenopalatine ganglion 
(SPG) (6) of the subject, an anterior ethmoidal nerve (404) of the subject, a posterior ethmoidal nerve (406) of the subject, a commu- 
nicating branch between an anterior ethmoidal nerve (404) and a retro-orbital branch of an SPG (6) of the subject, a communicating 
branch between a posterior ethmoidal nerve (406) anda retro-orbitaJ branch of an SPG (6) of the subject, a greater palatine nerve of 
the subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a communicating branch between a maxillary 
nerve and an SPG (6) of the subject, a nasopalatine nerve of the subject, a posterior nasal nerve of the subject, an infraorbital nerve 
of the subject, an otic ganglion of the subject, an afferent fiber going into the otic ganglion of the subject, an efferent fiber going out 
of the otic ganglion of the subject, a vidian nerve of the subject, a greater superficial petrosal nerve of the subject, and a lesser deep 
petrosal nerve of the subject. 
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